Abstract Roasting is an important step in the processing of pistachio nuts. The effect of hot air roasting temperature (90, 120 and 150°C), time (20, 35 and 50 min) and air velocity (0.5, 1.5 and 2.5 m/s) on textural and sensory characteristics of pistachio nuts and kernels were investigated. The results showed that increasing the roasting temperature decreased the fracture force (82-25.54 N), instrumental hardness (82.76-37.59 N), apparent modulus of elasticity (47-21.22 N/s), compressive energy (280.73-101.18 N.s) and increased amount of bitterness (1-2.5) and the hardness score (6-8.40) of pistachio kernels. Higher roasting time improved the flavor of samples. The results of the consumer test showed that the roasted pistachio kernels have good acceptability for flavor (score 5.83-8.40), color (score 7.20-8.40) and hardness (score 6-8.40) acceptance. Moreover, Partial Least Square (PLS) analysis of instrumental and sensory data provided important information for the correlation of objective and subjective properties. The univariate analysis showed that over 93.87 % of the variation in sensory hardness and almost 87 % of the variation in sensory acceptability could be explained by instrumental texture properties.
Introduction
Pistachio nut (Pistacia vera L.), known as green gold due to its high economical value, is one of the deciduous and popular nuts in the world (Tokatli et al. 2005) . Several species of the genus Pistacia are referred to as pistachio, but only the fruits of P. vera attain a large enough size to be acceptable to consumers as edible nuts (Shokraii and Esen 1988) . Iran, the USA, Turkey, China, Syria, Italy and Greece are the main producers of pistachio nut in the world, and the global production increases steadily (FAO 2012) . Due to its high nutritional value and split shell, pistachio is an increasingly important nut crop consumed as raw, salted or roasted. The kernels are good source of fat (50-60 %) and contain unsaturated fatty acids (linoleic, linolenic and oleic acid) that are essential for human diet (Shokraii 1977; Maskan and Karatas 1998) . Pistachio nuts are sold shelled or in-shell, mainly dried or roasted with salt, while the kernels can also be used in confectionery and cookery for their flavor, color (green or yellow) and for pistachio nut paste (Gamli and Hayaoglu 2007) .
Roasting is one of the processing steps involved in the nut industry to improve the flavor, color, texture and overall acceptability of the product (Ozdemir and Devres 2000; Pittia et al. 2001; Sena et al. 2001 ). There are two types of nut roasting: dry and oil. Dry roasting involves the heating of nuts using air convection or radiant microwave heat. In the oil method, raw nutmeats are immersed in boiling oil, and then drained to remove e xcess oil (Somogyi et al. 19 96) . Temperature and time are the main factors controlled during industrial roasting process. During roasting, the moisture content of moist nuts reduces (Emily et al. 2009 ) and the texture becomes more crumbly and fragile (less hard) (Vincent 2004) .
In recent years, many scientists studied the mechanical properties of nuts (Saklar et al. 1999; Vursavus and Ozguven 2005; Polat et al. 2007; Sirisomboon et al. 2007; Nazari Galedar et al. 2009; Karaj and Müller 2010; Nazari Galedar et al. 2010; Manuwa and Muhammad 2011; Gharibzahedi et al. 2012; Carcel et al. 2012; Razavi and Edalatian 2012) . There are also some studies on the effect of roasting on sensory and textural properties of nuts such as Kita and Figiel for walnuts (2006) ; Cea et al. for peanuts (2008) ; Nikzadeh and Sedaghat (2008) ; Raei et al. (2009) and Shakerardekani et al. (2011) for pistachio nuts. However, to our knowledge, there is no study available concerning the effect of different combinations of time, temperature and air velocity of roasting process on sensory and textural properties and the relation between sensory and texture properties of pistachio nuts. Hence, the objectives of this study were (1) to determine the textural attributes during uniaxial compression of pistachio kernels at various times, temperatures and air velocities of roasting, (2) to assess effects of roasting conditions on sensory attributes of pistachio nuts and kernels (3) to find relations between textural and sensory attributes by using Partial Least Squares regression method.
Materials and methods

Sample preparation
Dried O'hadi pistachio nuts were supplied from a local market in Mashhad, Iran in 2012 and stored at 4°C until processing. The weight ratio of kernel was averagely obtained as 62 g/ 100 g of split sample. Moisture content of pistachio kernels was measured in triplicate using oven drying method (105 ± 2°C) until a constant weight was reached (Razavi and Edalatian 2012) . The average moisture content of pistachio kernels was measured as 2.9 %. Kernels were sorted manually to get the uniform sizes for roasting. 1 Kg pistachio nuts were soaked in 5 L of 20 % salt solution for 20 min (Goktas Seyhan 2003) . After soaking, the salt solution was drained using a strainer and the excess water was removed by a cloth filter. For roasting, three temperatures (90, 120 and 150°C), three times (20, 35 and 50 min) and three air velocities (0.5, 1.5 and 2.5 m/s) were applied (Yazdanpanah et al. 2005) . Roasting was performed in an electrical oven equipped with a controller to adjust the air velocities of roasting (CIFS120, Fan Azma Gostar, Tehran, Iran). The air velocity was measured by an electronic anemometer (AM4205, Lutron company, Taiwan) having an accuracy of 0.1 m/s. After roasting, the whole kernels were allowed to cool at room temperature (20 ± 2°C). Roasting process was performed in 2 replications.
Texture analysis
Instrumental texture measurements were carried out at room temperature using a QTS Texture Analyzer (CNS Farnell Com, U.K.). Uniaxial compression test, by a 35 mm diameter plastic cylinder, was made on the pistachio kernels, which were individually mounted over a platform. Samples were compressed at depth of 2 mm and speed of 30 mm/min.
Ottawa cell (compression -extrusion) is a test that food is compressed until the structure of the food is disrupted and it extrudes through outlets. In this test, the food is placed in a strong metal box with an open top and the compressing platen has just contacted the surface. Usually the maximum force required to accomplish extrusion is measured and used as an index of textural quality (Bourne 2002) . Ottawa cell quipped with a disc (30 mm diameter) was used for the evaluation of the textural attributes of pistachio kernels' bulk. Tests were carried out in a standard size container with 45 mm diameter. During the test, the disc was displaced to a depth of 45 % at 40 mm/min test speed. At this point (most likely to be the maximum force), the probe returned to its original position. The textural parameters of kernels and their bulk were expressed as fracture force 
Sensory evaluation
Pistachio nuts and kernels were examined organoleptically by eight trained panelists (four female, four male, ages 24 to 38 years). Triangle test was used to identify sensory differences between samples (Meilgaard et al. 1999) . Evaluations were performed at room temperature (22 ± 1°C) and the white fluorescent light. The ninepoint hedonic scale (1 = Dislike extremely, 9 = like extremely) was used to assessment the sensory attributes of pistachio nuts and kernels. Throughout panel sessions, panelists were instructed to rinse their mouths with water before testing each sample. Nine descriptors were selected to describe the samples, covering the following attributes: color, kernel removal (difficulty to remove the kernel from the shell), splitting and total acceptance for pistachio nuts and color, hardness, flavor, bitterness and total acceptance for pistachio kernels.
Statistical analysis
A completely randomized factorial design was used to evaluate the results and analysis of variance (ANOVA) was carried out to compare the mean values. All significant differences are reported at P ≤ 0.05 level. Regression equations were determined by using StataSE software (Version 10, Texas, USA). Partial Least Square (PLS) was also applied to explore relationships between instrumental and sensory data. PLS analysis was performed for each sensory variable separately and for all sensory variables together and for sensory and instrumental variables with each other. Minitab statistical software (Minitab Release 16, Minitab Inc., USA) was used for all statistical analyses in the present research. However, MSTATC (Version 1.42, Michigan State University) was used to determine significant differences. Texture measurements were performed in at least six replications.
Results and discussion
Textural attributes of individual pistachio kernels
Fracture force
Analysis of variance (ANOVA) indicated that the effect of roasting temperature on fracture force was significant (P < 0.05). As shown in Table 1 , increasing the temperature led to decrease the fracture force. During the roasting, moisture content of pistachio kernels decreased and they became more crumble and fragile that cause to break easier. Increasing the roasting time changed the fracture force value, though these changes were not significant (P > 0.05). Interaction between time, temperature and air velocity on fracture force was significant (P < 0.05). Regression equation obtained (Eq. 1) relate fracture force (F F ) values to temperature (T), time (t) and air velocity (v) of roasting condition. The roasting conditions explained 98.14 % of the variability of fracture force (Eq. 1). Regression analysis showed that the effect of time and air velocity on fracture force was nonlinear. Air velocity had positive correlation with time and negative connection by temperature. The interaction between time and temperature was negative too. The relation between time and air velocity was quadratic and linear. The linear effect of air velocity was high.
The fracture force of samples changed from 25.54-82 N. These results are in agreement with those found by Saklar et al. (1999) for roasting hazelnuts, Dogan and Cronin (2004) for roasting hazelnuts and Nikzadeh and Sedaghat 
Hardness
Hardness is an important parameter that needs to be control during roasting of pistachio nuts. The hardness of roasted pistachio kernels changed from 37.59 to 82.76 N. Table 1 shows the effect of roasting conditions on hardness of pistachio kernels. Increasing the roasting temperature decreased the hardness of kernels that is because of decreasing in moisture content and the strength of the kernels. The hardness value was increased when the air velocity increased up to 1.5 m/s, whereas it was decreased from 1.5 m/s to 2.5 m/s, but these changes were not significant (P > 0.05). Increasing the roasting time up to 35 min increased the hardness and decreased from 35 min to 50 min (P > 0.05). The changes in hardness as a function of the temperature, time and air velocity were not significant (P > 0.05). Decreasing the hardness due to use of higher temperature during roasting was reported by Kita and Figiel (2006) ; Kahyaoglu and Kaya (2006) ; Maridula et al. (2007) ; Nikzadeh and Sedaghat (2008) ; Jokanovića et al. (2012) .
Apparent modulus of elasticity
The initial slope on a force-deformation curve is referred to as the 'elastic modulus' or the 'Young's modulus'. This modulus, measured before any degree of structural failure has taken place, is related to the firmness of the sample (Shieh et al. 2004) . Roasting time, temperature and air velocity had significant impact (P < 0.05) on apparent modulus of elasticity of samples that ranged from 21.22 to 47 N/s. The significant decrease of apparent modulus of elasticity while using high roasting time, temperature and air velocity is shown at Table 1 . Interaction between time, temperature and air velocity on apparent modulus of elasticity was not significant (P > 0.05). Nikzadeh and Sedaghat (2008) reported that firmness of pistachio kernels decreased with increasing of roasting temperature.
Compressive energy
The effect of different roasting temperatures on compressive energy of pistachio kernels was significant (P < 0.05). The compressive energy of samples changed from 101.18-280.73 N.s. As shown in Table 1 , there was a reverse relation between roasting temperature and compressive energy. When samples are roasted, the moisture content is decreased, pistachio kernels are crispier and softer and compressive energy is reduced. The effects of roasting time and air velocity and interaction between variables on compressive energy of pistachio kernels were not significant (P > 0.05).
Textural attributes of bulk pistachio kernels Table 2 shows the effect of roasting time, temperature and air velocity on textural characteristics of bulk pistachio kernels. Analysis of variance indicated that the effect of roasting temperature on hardness and compressive energy was significant (P < 0.05). Increasing the temperature led to decrease the hardness and compressive energy. The hardness and compressive energy of bulk samples changed from 24. 76-30.81 N and 259.81-397 .61 N.s respectively. Effects of roasting time and air velocity and interactions between factors (time × temperature × air velocity) on hardness, fracture force, apparent modulus of elasticity and compressive energy were not significant (P > 0.05). Table 3 shows the effect of roasting time, temperature and air velocity on color, kernel removal, splitting and total acceptance of pistachio nuts. The analysis of variance did not reveal any significant effects of roasting conditions or the interaction terms (time × temperature × air velocity) for the color, kernel removal, splitting and overall acceptability of pistachio nuts (P > 0.05). Maybe, these conditions were not enough to change the quality of pistachio nuts. Pre-tests in higher time, air velocity and temperature had significant effects on nuts, but the obtained results were removed, because the sensory properties of pistachio kernels were not acceptable. The results of the consumer test showed that the roasted pistachio nuts had good acceptability, because the total acceptance scores of samples were higher than 7.33 on the hedonic scale of 9 points.
Sensory evaluation
Pistachio nuts
Pistachio kernels
The effects of time, temperature and air velocity on the sensory properties of roasted pistachio kernels were presented in Table 4 .
Color Color is one of the parameters that are used for process control during roasting, because the brown pigments increase as the browning and caramelization reactions progress (Moss and Otten 1989). There was no difference (P > 0.05) in color scores of pistachio kernels that ranged from 7.20-8.40.
Hardness To evaluate the hardness of solid foods, the food is placed between the molar teeth and the panelist bites down evenly, evaluating the force to compress the food (Bourne 2002) . Roasting process changes the internal microstructure of samples, resulting in a texture that is typically more brittle, crispy, and/or crunchy (Lee and Resurreccion 2006) . Increasing the roasting temperature caused less hardness and Color more panelist score (P < 0.05). However, the panelists preferred the softer kernels (Table 4) . Decrease in peak force at compression test was in relation to increase in sensory scores for various roasted oilseeds (Saklar et al. 1999; Varela et al. 2008; Wanlapa and Jindal 2006; McDaniel et al. 2012) . Effect of other factors on hardness of roasted kernels were not significant (P > 0.05). In this paper, hardness score of pistachio kernels ranged from 6.00-8.40.
Flavor Roasting process promotes flavor of the nuts that ultimately increases overall palatability of the products (Buckholz et al. 1980; Mayer 1985) . Analysis of variance (ANOVA) showed the effect of roasting temperature and time on flavor of pistachio kernels was significant (P < 0.05). Drying and chemical changes (carbohydrates, proteins, fats and physiological active substances) occur during roasting, which cause generation of flavor and aroma. These changes are in relation to the time-temperature treatment of the products. The highest score (8.40) was for kernels roasted at 120°C, 50 min and 0.5 m/s, while the lowest score (5.83) observed for sample roasted at 90°C, 20 min and 1.5 m/s. The interactions between factors had significant effect (P < 0.05) on flavor score. On relating the evolution of flavor scores (F) to change in temperature (T), time (t) and air velocity (v), the following regression equation (Eq. 2) was obtained:
A high proportion of the variability of flavor score (99.65 %) may be explained by the roasting conditions. The effects of time and temperature on flavor scores were linear. Variations of flavor scores with air velocity were quadratic and linear. These variations did not dependent to the interactions between factors. Buckholz et al. (1980) reported that roasting time has a significant influence on strength of odor and flavor. The dark roasted peanuts had the highest values for strength of odor and flavor. Powell (2004) studied the effect of storage time on sensory properties of peanut. The results showed that during storage of roasted peanut, the concentrations of low molecular weight aldehydes increased and flavor score of sensory panelists decreased.
Bitterness Increasing the roasting temperature caused to increase in bitterness of kernels (P < 0.05). In high temperatures, carbohydrates and proteins change, fats are oxide and kernels have bitter taste. The highest bitterness (2.50) was obtained for sample roasted at 150°C, 50 min and 2.5 m/s, whereas the lowest bitterness (1.00) was observed for sample roasted at 90°C, 50 min, 0.5 and 2.5 m/s. Effect of other factors on bitterness of roasted kernels were not significant (P > 0.05). Ozdemir (2001) reported that high roasting temperatures effect on carbohydrates, proteins and oil stability of hazelnuts and ultimately decrease overall palatability of products. These effects may be increased the bitterness of nuts.
Total acceptance Total acceptance is critical because of the specific quality attributes that attract people (Mazumder et al. 2007) . Samples roasted at 150°C, 50 min, 1.5 m/s and 150°C, 20 min, 1.5 m/s gained the lowest (6.60) and highest acceptance (8.38), respectively. The reasons of not liking the sample roasted at 150°C, 50 min, 1.5 m/s are probably related to its burn and/or rancid flavor and dark color. The results of the consumer test showed that the roasted pistachio kernels have good acceptability for flavor, color and texture acceptance, because the overall acceptance scores of samples were higher than point 6.60 on the hedonic scale of 9 points. Impact of roasting temperature on the total acceptance of pistachio kernels was statistically important (P < 0.05). Ozdemir (2001) stated that very light roasted and very dark hazelnuts were not preferred by the panelists. Medium roasted hazelnuts obtained the highest scores.
Multivariate variables analysis
Correlation between sensory properties of pistachio nuts and kernels Figure 1 shows the relation between sensory attributes of pistachio nuts and kernels. It can be seen, all parameters of pistachio nuts (color, splitting and kernel removal) were positively related with total acceptance. For pistachio kernels, total acceptance showed a positive correlation with color and flavor and a negative relation with bitterness and hardness. The first two PLS components (PLS1 and PLS2) accounted for 85 % of the total variation in the sensory data for nuts and kernels. The first and second PLS were represented 29.3 % and 55.7 % of the variation, respectively.
Correlation between instrumental texture data
The PLS analysis showed a positive relation between fracture force, instrumental hardness and compressive energy (Fig. 2) . These properties were negatively correlated with apparent modulus of elasticity. Some instrumental parameters displayed a strong correlation showing their arithmetical relationship; meaning in some cases, they can explain the same information. This was in line with those reported by Thybo and Martens (1998) and Truong et al. (1997) . Figure 3 shows correlation between textural attributes of pistachio kernels individually and their bulks. It can be seen fracture force of bulk pistachio kernels had negative relation with hardness, apparent modulus of elasticity and bulk compression energy. Moreover, apparent modulus of elasticity for individual kernels showed positive relation with apparent modulus of elasticity, hardness and compression energy and a negative correlation with fracture force of bulk kernels. Other textural properties of individual pistachio kernels (hardness, fracture force and compression energy) had negative relation with bulk textural properties, as shown in Fig. 3 .
Correlation between sensory and instrumental texture attributes
The PLS of mean sensory and instrumental data denoted negative relations between total acceptance and sensory hardness with fracture force, instrumental hardness, compressive energy and apparent modulus of elasticity (Fig. 2) . This knowledge is extremely useful for the industry, as the use of instruments offers a more objective and cost-effective method of texture measurement contrary to sensory evaluation that requires extensive time consuming and training of panelists (González Viñas et al. 2007 ). Table 5 presents the percent of variation explained when each of the sensory variables was analyzed individually and when roasting conditions were accounted, while Table 6 shows the percent of variation explained when each of the sensory variables was analyzed individually and when time, temperature and air velocity of roasting were not included. From Table 5 , it can be seen that 79.22 % of the variation in flavor can be explained by the first two PLS components. Flavor had the most variation explained, and then total acceptability, hardness, bitterness, color, which had the lowest (48.47 %) variation, explained by two PLS components. As shown in Table 6 , when the roasting conditions are ignored, bitterness is best explained, then, hardness, flavor, total acceptance, and lastly color. However, accounting for roasting conditions has impact on the amount of variation explained for color. On the other hand, for the other sensory variables, inclusion of time, temperature and air velocity led to marked decrease in percent of variation explained. Figure 3 displays the PLS regression coefficients for the scaled explanatory variables. These coefficients are used to predict the sensory variable from the explanatory variables and can be thought as the directions in the explanatory variable space that result in the largest increase in the sensory variable. If the number of PLS components included in the analysis equals the number of explanatory variables then the PLS regression coefficients would correspond to the multiple linear regression coefficients (Martens and Martens 1986) . It was gotten for bitterness (Table 6 ). Figure 4 shows the estimated regression coefficients for predicting sensory hardness and overall acceptability. In both cases, the explanatory variables matrix includes the four instrument variables. It can be seen that for both of them, apparent modulus of elasticity is the most important variable for prediction. However, apparent modulus of elasticity has a greater effect on sensory hardness than on total acceptance (Fig. 4 ). This figure also shows that instrument hardness and compressive energy are not very useful for predicting sensory hardness. It can be seen that, as expected, the instrument variables are negatively related to both sensory hardness and acceptability. In general, instrument parameters were not very useful variables for predicting color, flavor and bitterness.
Univariate sensory variables analysis
Conclusion
Roasting conditions played a significant role on the textural and sensory attributes of pistachio nuts. Increasing the roasting temperature decreased the fracture force, instrumental hardness, apparent modulus of elasticity, compressive energy and increased amount of bitterness and the hardness score of pistachio kernels. The roasted pistachio kernels had good acceptability for flavor, color and hardness. The PLS results showed a clear relationship between sensory attributes and identified parameters that were closely associated with instrumental texture analysis. Due to the high costs involved in sensory analysis, correlation between sensory and textural attributes is important for food researchers and manufactures. This finding may have practical importance in attempts to predict eating quality (acceptability) from instrument measurements. Further research about the effect of initial moisture content, air relative humidity and layer thickness on drying characteristics and quality of roasted pistachio nuts is necessary for optimization of the pistachio nuts roasting and development of pistachio nuts roasters. 
